A Gram-stain-negative, non-flagellated, aerobic and coccoid, ovoid or rod-shaped bacterium, designated T , was isolated from seawater collected from the East Sea, South Korea and subjected to a taxonomic study using a polyphasic approach. The novel strain grew optimally at 30-35 8C, at pH 7.0-8. 
The western and southern coasts of the Korean Peninsula have been proven to be good habitats for novel bacterial taxa (Lee et al., 2011; Jung et al., 2012a, b; Park et al., 2013c Park et al., , 2014a Kwak et al., 2014) . However, during a recent screening of novel bacterial taxa from the seawater around the eastern coast of the Korean Peninsula, many novel strains have been isolated and characterized taxonomically (Park et al., 2014b) . One of these bacterial isolates designated T , which belongs to the Roseobacter clade, is described in this study. Comparative analysis of 16S rRNA gene sequences showed that this novel strain is phylogenetically affiliated to members of the family Rhodobacteraceae but its exact taxonomic status is not clear due to equidistant 16S rRNA gene sequence similarities with representatives of several genera. The aim of the present work was to determine the exact taxonomic position of strain T by using a polyphasic characterization that included the determination of chemotaxonomic and other phenotypic properties and detailed phylogenetic investigations based on 16S rRNA gene sequences.
A seawater sample was collected from Sokcho sea area of the East Sea, South Korea, and used as the source for the isolation of bacterial strains. Strain T was isolated by the standard dilution plating technique at 25 8C on marine agar 2216 (MA; BD Difco) and cultivated routinely at 30 8C on MA. Aestuariihabitans beolgyonensis BB-MW15 T , Donghicola eburneus SW-277 T and Pseudooctadecabacter jejudonensis SSK2-1 T , which were used as reference strains for fatty acid analysis, polar lipid analysis and/or other phenotypic characterizations, were obtained from our previous studies (Yoon et al., 2007 (Yoon et al., , 2013 Park & Yoon, 2014) . Cell morphology, Gram reaction, pH range for growth and anaerobic growth were determined as described by Park et al. (2014d) . Growth at 4, 10, 20, 25, 28, 30, 35, 37, 40 and 45 8C was measured on MA to determine the optimal temperature and temperature range for growth. Growth at various concentrations of NaCl (0, 0.5 and 1.0-10.0 %, in increments of 1.0 %) was investigated using marine broth 2216 (MB) prepared according to the formula of the BD Difco medium except that NaCl was added at appropriate concentrations. The requirement for 
Mg
2+ ions was investigated by using MB as described above except that MgCl 2 and MgSO 4 were omitted. Catalase and oxidase activities were determined as described by Lányí (1987) . Hydrolysis of aesculin, casein, starch, hypoxanthine, Tween 80, L-tyrosine and xanthine was investigated on MA using the substrate concentrations described by Barrow & Feltham (1993) . Nitrate reduction was investigated as described previously (Lányí, 1987) with the modification that artificial seawater was used for the preparation of media. (Bruns et al., 2001) . Utilization of various substrates for growth was tested according to Baumann & Baumann (1981) , using 1 % (v/v) vitamin solution (Staley, 1968) and 2 % (v/v) Hutner's mineral salts (Cohen-Bazire et al., 1957) for supplementation. Susceptibility to antibiotics was tested on MA plates using antibiotic discs (Advantec) containing (mg per disc unless otherwise stated): ampicillin (10), carbenicillin (100), cephalothin (30), chloramphenicol (100), gentamicin (30), kanamycin (30), lincomycin (15), neomycin (30), novobiocin (5), oleandomycin (15), penicillin G (20 IU), polymyxin B (100 IU), streptomycin (50) and tetracycline (30). Enzyme activities were determined, after incubation for 8 h at 30 8C, by using the API ZYM system (bioMér-ieux); the strip was inoculated with cells suspended in artificial seawater from which CaCl 2 was excluded to avoid the formation of precipitates.
Cell biomass of strain AM-4 T for DNA extraction and for the analyses of isoprenoid quinones and polar lipids was obtained from cultures incubated for 3 days in MB at 30 8C, and cell biomass of D. eburneus SW-277
T for polar lipid analysis was obtained under the same culture conditions. Chromosomal DNA was extracted and purified as described previously (Yoon et al., 1996) , with the exception that RNase T1 was used in combination with RNase A to minimize contamination with RNA. The 16S rRNA gene was amplified by PCR as described previously (Yoon et al., 1998) using two universal primers, 9F (59-GAGTTTGATCCTGGCTCAG-39) and 1512R (59-ACGGTTACCTTGTTACGACTT-39). Sequencing of the amplified 16S rRNA gene and phylogenetic analysis were performed as described by Yoon et al. (2003) .
Isoprenoid quinones were extracted according to the method of Komagata & Suzuki (1987) and analysed using reversed-phase HPLC and a YMC ODS-A (2506 4.6 mm) column. The isoprenoid quinones were eluted by a mixture of methanol/2-propanol (2 : 1, v/v) using a flow rate of 1 ml min 21 at room temperature and were detected by UV absorbance at 275 nm. For cellular fatty acid analysis, cell mass of strain AM-4 T was harvested from MA plates after cultivation for 2, 3, 5 and 7 days at 30 8C and cell mass of A. beolgyonensis BB-MW15 T , D. eburneus SW-277 T and P. jejudonensis SSK2-1 T was harvested from MA plates after cultivation for 5 days at 30 8C. Fatty acids were saponified, methylated and extracted according to the standard MIDI protocol (Sherlock Microbial Identification System, version 6.2B). The fatty acids were analysed by GC (Hewlett Packard 6890) and identified using the TSBA6 database of the Microbial Identification System (Sasser, 1990) . Polar lipids were extracted according to the procedures described by Minnikin et al. (1984) , and separated by two-dimensional TLC as described by Embley & Wait (1994) . Individual polar lipids were identified by spraying the plates with 10 % ethanolic molybdophosphoric acid and a-naphthol reagents (Minnikin et al., 1984) and with the ninhydrin, molybdenum blue and Dragendorff's reagents (Sigma). The DNA G+C content was determined by the method of Tamaoka & Komagata (1984) with the modification that DNA was hydrolysed and the resultant nucleotides were analysed by reversed-phase HPLC equipped with a YMC ODS-A (25064.6 mm) column. The nucleotides were eluted by a mixture of 0.55 M NH 4 H 2 PO 4 (pH 4.0) and acetonitrile (40 : 1, v/v), using a flow rate of 1 ml min 21 at room temperature and were detected by UV absorbance at 270 nm.
Morphological, cultural, physiological and biochemical characteristics of strain T are given in the genus and species descriptions and in Table 1 T exhibited the highest 16S rRNA gene sequence similarities to Aestuariihabitans beolgyonensis BB-MW15 T (95.5 %), Donghicola eburneus SW-277 T (95.4 %) and Pseudooctadecabacter jejudonensis SSK2-1 T (95.1 %), and shared less than 94.9 % 16S rRNA gene sequence similarity with the type strains of other species. In the neighbour-joining, maximumlikelihood and maximum-parsimony phylogenetic trees based on 16S rRNA gene sequences, strain AM-4 T formed a distinct evolutionary lineage independent of other taxa of the family Rhodobacteraceae (Figs 1, S2 and S3).
The predominant isoprenoid quinone detected in strain AM-4 T was ubiquinone-10 (Q-10), which is typical of the vast majority of the class Alphaproteobacteria. The cellular fatty acid profiles of strain T and the type strains of A. beolgyonensis, D. eburneus and P. jejudonensis are compared in Table 2 . The fatty acid profiles of strain AM-4 T from the four different growth phases were found to be similar. The major fatty acids (.10 % of the total fatty acids in four different growth phases) were C 18 : 1 v7c and C 16 : 0 . The fatty acid profiles of strain AM-4
T were similar to those of A. beolgyonensis BB-MW15 T , D. eburneus SW-277 T and P. jejudonensis SSK2-1 T in that C 18 : 1 v7c was the major component. However, the profiles of strain AM-4 T were distinguishable from the three reference strains by differences in the proportions of some fatty acids, e.g. C 16 : 0 , C 10 : 0 3-OH and summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c) ( Table 2 ). The major polar lipids detected in strain AM-4 T were phosphatidylcholine, phosphatidylethanolamine, phosphatidylglycerol, one unidentified lipid, one unidentified aminolipid and one unidentified glycolipid; one unidentified phospholipid and another unidentified lipid were present in minor amounts (Fig. S4) . The polar lipid profile of strain AM-4
T was similar to those of A. beolgyonensis BB-MW15 T , D. eburneus SW-277 T and P. jejudonensis SSK2-1 T in that phosphatidylcholine, phosphatidylglycerol and one unidentified aminolipid were major components ( Fig. S4 ; Yoon et al. 2013; Park & Yoon, 2014) . However, the polar lipid profile of strain AM-4 T was clearly distinguished from those of the three reference strains by the presence of one unidentified glycolipid, and distinguished from those of A. beolgyonensis BB-MW15 T and P. jejudonensis SSK2-1 T by the presence of phosphatidylethanolamine ( Fig. S4 ; Yoon et al. 2013; Park & Yoon, 2014) . The unidentified glycolipid present in strain AM-4 T as a major polar lipid, has not been seen even in other phylogenetically related taxa (Labrenz et al., 2005; Park et al., 2010 Park et al., , 2012 Park et al., , 2013a Park et al., , b, d, 2014c Park et al., , 2015 Yoon et al., 2012; Hameed et al., 2014) . The DNA G+C content of strain AM-4 T was 57.2 mol%, a value lower than those of members of the genera Aestuariihabitans, Donghicola and Pseudooctadecabacter (Table 1) .
Based on the phylogenetic analyses, it seems inappropriate to assign strain T to any of the recognized genera of the family Rhodobacteraceae (Figs 1, S2 and S3 ). The differences in fatty acid and polar lipid profiles make strain AM-4 T distinctive from the reference strains and other taxa ( ; activity of* alkaline phosphatase, esterase (C4), esterase lipase (C8) and leucine arylamidase; and susceptibility to ampicillin, carbenicillin, cephalothin, chloramphenicol, neomycin, novobiocin, oleandomycin, penicillin G and streptomycin. All strains are negative for Gram-stain; hydrolysis of xanthine; utilization of maltose, D-trehalose, benzoate, formate and Lglutamate; activity of* lipase (C14), cystine arylamidase, trypsin, a-chymotrypsin, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase; and susceptibility to lincomycin. +, Positive; 2, negative; w, weakly positive. Fig. S4 ; Yoon et al. 2013; Park & Yoon, 2014) . Strain AM-4 T was distinguished from the type strains of A. beolgyonensis, D. eburneus and P. jejudonensis by differences in several phenotypic characteristics, including nitrate reduction, hydrolysis and utilization of some substrates, activity of some enzymes and susceptibility to some antibiotics 0.01
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Marivivens donghaensis AM-4 T (KT282004)
Ruegeria scottomollicae LMG 24367 T (AM905330)
Ruegeria atlantica IAM 14463 T (D88526)
Pseudodonghicola xiamenensis Y-2 T (DQ120728)
Donghicola eburneus SW-277 T (DQ667965)
Sulfitobacter pontiacus ChLG 10 T (Y13155)
Aestuariihabitans beolgyonensis BB-MW15 T (KC577450)
Poseidonocella sedimentorum KMM 9023 T (AB576006)
Poseidonocella pacifica KMM 9010 T (AB576005)
Antarctobacter heliothermus EL-219 T (Y11552)
Sagittula stellata E-37 T (U58356)
Thalassococcus lentus YCS-24 T (JX090308)
Thalassobius mediterraneus CECT 5383 T (AJ878874)
Thalassobius gelatinovorus IAM 12617 T (D88523)
Thalassobius maritimus GSW-M6 T (HM748766)
Marivita byunsanensis SMK-114 T (FJ467624)
Marivita cryptomonadis CL-SK44 T (EU512919)
Roseovarius tolerans EL-172 T (Y11551)
Roseovarius lutimaris 112 T (JF714703)
Stappia stellulata IAM 12621 T (D88525)
Roseivivax lentus S5-5 T (FJ875966)
Yangia pacifica DX5-10 T (AJ877265)
Loktanella salsilacus LMG 21507 T (AJ440997)
Loktanella cinnabarina LL-001 T (AB688112)
Loktanella soesokkakensis DSSK1-5 T (KC987356)
Sulfitobacter guttiformis EL-38 T (Y16427)
Sulfitobacter mediterraneus CH-B427 T (Y17387)
Sulfitobacter dubius KMM 3554 T (AY180102)
Seohaeicola saemankumensis SD-15 T (EU221274)
Roseovarius gaetbuli YM-20 T (KF208688)
Aquimixticola soesokkakensis DSSK2-3 T (KJ794108)
Octadecabacter arcticus 238 T (U73725)
Octadecabacter antarcticus 307 T (U14583)
Pseudooctadecabacter jejudonensis SSK2-1 T (KF515220)
Thalassococcus halodurans UST050418-052 T (DQ397336)
Jannaschia pohangensis H1-M8 T (DQ643999)
Jannaschia helgolandensis Hel 10 T (AJ438157)
Oceanicola granulosus HTCC2516 T (AY424896)
Roseisalinus antarcticus EL-88 T (AJ605747) ( Table 1) . Accordingly, on the basis of the phylogenetic and chemotaxonomic distinctiveness and other differential phenotypic properties, strain AM-4 T is considered to represent a novel species of a new genus in the family Rhodobacteraceae, for which the name Marivivens donghaensis gen. nov., sp. nov., is proposed.
Description of Marivivens gen. nov.
Marivivens (Ma.ri.vi9vens. L. n. mare the sea; L. part. adj. vivens living; N.L. part. adj. Marivivens living in the sea).
Cells are Gram-stain-negative, aerobic, non-motile and coccoid, ovoid or rod-shaped. Catalase-and oxidase-positive. Nitrate reduction is positive. The predominant ubiquinone is Q-10. The major fatty acids are C 18 : 1 v7c and C 16 : 0 . The major polar lipids are phosphatidylcholine, phosphatidylethanolamine, phosphatidylglycerol, one unidentified lipid, one unidentified aminolipid and one unidentified glycolipid. The DNA G+C content is 57.2 mol%. A member of the family Rhodobacteraceae, class Alphaproteobacteria, according to 16S rRNA gene sequence analysis.
The type species is Marivivens donghaensis.
Description of Marivivens donghaensis sp. nov.
Marivivens donghaensis (dong.ha.en9sis. N.L. masc. adj. donghaensis of Donghae, the Korean name for the East Sea of South Korea, from where the type strain was isolated).
Displays the following characteristics in addition to those listed in the genus description. Cells are 0.2-0.6 mm in diameter and 0.2-w10.0 mm in length; a few cells longer than 10.0 mm occur. Colonies on MA are circular, raised to slightly convex, smooth, glistening, greyish-yellow and 1.5-3.0 mm in diameter after incubation for 5 days at 30 uC. The optimal temperature for growth is 30-35 uC; growth occurs at 10 and 40 uC, but not at 4 or 45 uC. The optimal pH for growth is 7.0-8.0; growth occurs at pH 6.5, but not at pH 6.0. Growth occurs in the presence of 0-6.0 % (w/v) NaCl (optimum 1.0-3.0 %). Mg 2+ ions are not required for growth. Growth does not occur under anaerobic conditions on MA and on MA supplemented with nitrate. Nitrate is reduced to nitrite. Aesculin and hypoxanthine are hydrolysed and L-tyrosine is weakly hydrolysed, but casein, gelatin, starch, Tween 80, urea and xanthine are not. Cellobiose, D-fructose, D-galactose, D-glucose, D-mannose, sucrose, D-xylose, acetate, L-malate, pyruvate and salicin are utilized as carbon and energy sources, and citrate and succinate are weakly utilized, but L-arabinose, maltose, trehalose, benzoate, formate and L-glutamate are not. Susceptible to ampicillin, carbenicillin, cephalotin, chloramphenicol, kanamycin, neomycin, novobiocin, oleandomycin, penicillin G, streptomycin and tetracycline, but not to gentamicin, lincomycin or polymyxin B. In the API ZYM system, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase and acid phosphatase activities are present, but lipase (C14), valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl- b-glucosaminidase, a-mannosidase and a-fucosidase activities are absent.
The type strain, AM-4 T (5KCTC 42776 T 5CECT 8947 T ), was isolated from seawater off the coast of Sokcho in the East Sea, South Korea. The DNA G+C content of the type strain is 57.2 mol%.
